Variation in activation time during bipolar vs extended bipolar left ventricular pacing by Sieniewicz, Benjamin et al.
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
King’s Research Portal 
 
DOI:
10.1111/jce.13714
Document Version
Peer reviewed version
Link to publication record in King's Research Portal
Citation for published version (APA):
Sieniewicz, B., Jackson, T. A., Claridge, S., Jorge Pereira, H. F., Gould, J. S., Sidhu, B. S., ... Rinaldi, C. A.
(2018). Variation in activation time during bipolar vs extended bipolar left ventricular pacing. Journal of
Cardiovascular Electrophysiology. https://doi.org/10.1111/jce.13714
Citing this paper
Please note that where the full-text provided on King's Research Portal is the Author Accepted Manuscript or Post-Print version this may
differ from the final Published version. If citing, it is advised that you check and use the publisher's definitive version for pagination,
volume/issue, and date of publication details. And where the final published version is provided on the Research Portal, if citing you are
again advised to check the publisher's website for any subsequent corrections.
General rights
Copyright and moral rights for the publications made accessible in the Research Portal are retained by the authors and/or other copyright
owners and it is a condition of accessing publications that users recognize and abide by the legal requirements associated with these rights.
•Users may download and print one copy of any publication from the Research Portal for the purpose of private study or research.
•You may not further distribute the material or use it for any profit-making activity or commercial gain
•You may freely distribute the URL identifying the publication in the Research Portal
Take down policy
If you believe that this document breaches copyright please contact librarypure@kcl.ac.uk providing details, and we will remove access to
the work immediately and investigate your claim.
Download date: 10. Jul. 2020
 This article has been accepted for publication and undergone full peer review but has 
not been through the copyediting, typesetting, pagination and proofreading process, 
which may lead to differences between this version and the Version of Record. Please 
cite this article as doi: 10.1111/jce.13714. 
 
This article is protected by copyright. All rights reserved. 
A
cc
ep
te
d 
A
rt
ic
le
 
Benjamin Sieniewicz    ORCID iD: 0000-0002-9655-7465 
Thomas Jackson    ORCID iD: 0000-0001-6749-9959 
Simon Claridge    ORCID iD: 0000-0003-1430-8244 
Helder Pereira    ORCID iD: 0000-0001-9377-5662 
Variation in activation time during bipolar vs extended bipolar 
left ventricular pacing 
Short Title: 
ECGI of bipole vs extended bipole 
Benjamin J. Sieniewicz MBChB1, 2, Tom Jackson MBBS1, 2, Simon Claridge LLB MBBS 1, 
2, Helder Pereira MSc1  , Justin Gould MBBS1,2, Baldeep Sidhu BS1, 2, Bradley Porter 
MBChB1, 2, Steve Niederer PhD1, Cheng Yao PhD 3, Christopher A. Rinaldi MD1,2 
1 Division of Imaging Sciences and Biomedical Engineering, King’s College London, 
SE1 7EH, United Kingdom  
2 Cardiology Department, Guys and St Thomas’ NHS Foundation Trust, London, SE1 
7EH, United Kingdom 
3 CardioInsight Technologies, Medtronic, Minneapolis, USA 
Corresponding author; 
Dr Benjamin J Sieniewicz MBChB MRCP FHEA 
 This article is protected by copyright. All rights reserved. 
A
cc
ep
te
d 
A
rt
ic
le
 
Department of Imaging Sciences and Biomedical Engineering 
4th Floor, North Wing, St Thomas’ Hospital, London, SE1 7EH, U.K  
Tel: +0207 188 9275 
Email: benjamin.sieniewicz@kcl.ac.uk 
C.A. Rinaldi reports participation on a research grant supported by, and receiving 
research equipment from, Medtronic; serving on a steering committee for Abbott. 
Other authors: No disclosures. 
ABSTRACT  
BACKGROUND: Cardiac resynchronization therapy (CRT) is typically delivered via 
quadripolar leads that allow stimulation using either true bipolar pacing, where 
stimulation occurs between two electrodes (BP) on the quadripolar lead or extended 
bipole (EBP) LV pacing, with the quadripolar electrodes and RV coil acting  as the 
cathode and anode, respectively. True bipolar pacing is associated with reductions in 
mortality and it has been postulated that these differences are the result of 
enhanced electrical activation.  
METHODS: Patients undergoing a CRT underwent an electrocardiographic imaging 
(ECGI) study where electrical activation data was recorded while different LV pacing 
vectors were temporarily programmed.  
RESULTS: There were no differences in the total electrical activation times or 
dispersion of electrical activation between biventricular pacing with bipolar or 
corresponding EBP LV vector configurations (LVtat BP 74.70 ± 18.07 vs EBP 72.4 ± 
22.64; P=0.45.) When dichotomized according to aetiology, no difference was 
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observed in the activation time with either BP or EBP pacing (LVtat BP ICM 72.2 ± 
17.4 vs BP DCM 79.9 ± 18.9; P=0.38.).  
CONCLUSIONS: Bipolar pacing alters the mechanical activation sequence of the LV 
and is associated with reductions in all-cause mortality. It has been postulated these 
benefits derive from improvements in  electromechanical activation of the LV. Our 
study would suggest that true bipolar pacing does not necessarily result in more 
favorable activation of the LV or improved electrical resynchronization and other 
mechanisms should be explored. 
KEYWORDS:  
Cardiac Resynchronization Therapy 
Multi-polar Pacing 
Non-Responders 
Bipolar Pacing 
Extended Bipolar Pacing 
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BACKGROUND 
Cardiac resynchronization therapy (CRT) is typically delivered via quadripolar leads 
that allow stimulation via multiple pacing vectors 1. Selective LV stimulation by the 
different poles of a quadripolar lead may improve resynchronization by avoiding 
areas of scar or phrenic nerve stimulation (PNS) with associated improvements in 
morbidity and mortality 2,3 and  demonstrates economic benefits over bipolar leads 
4.  
Quadripolar leads allow patient specific vector programming and the optimal pacing 
vector is dependent on multiple factors. Stimulation with quadripolar leads can be 
performed using true bipolar vectors where stimulation occurs between two 
electrodes (BP) on the quadripolar lead, see Figure 1. Alternatively extended bipole 
(EBP) LV pacing is also possible, with the quadripolar electrodes and RV coil or ring 
acting as the cathode and anode, respectively. When compared with BP pacing, the 
use of EBP pacing was negatively correlated with CRT response and was found to 
adversely impact mechanical activation, as determined using echocardiographically 
derived strain metrics 5. Furthermore, the use of EBP pacing vectors were associated 
with adverse outcomes in the MADIT-CRT population, where true bipolar pacing in 
patients with left bundle branch block was associated with a 54% lower risk of death 
(p=0.02) and a 32% lower risk of combined heart failure admission or death 
(p=0.048) 6. 
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The exact mechanism underpinning why true bipolar pacing appears more effective 
than EBP is unclear. One hypothesis is that true bipolar pacing results in a more 
synchronous activation pattern than EBP and hence better outcomes; however, no 
detailed activation mapping has previously been performed aimed at comparing BP 
and EBP vectors. Electrocardiographic imaging (ECGI) is a novel, non-invasive 
mapping technique capable of detecting detailed patient-specific electrical activation 
information, allowing the measurement of LV and right ventricular (RV) activation 
times 7,8. 
We hypothesized that BP and EBP programming would have divergent effects on 
measures of LV activation. We set out to study the effects of BP and EBP pacing 
vectors from a quadripolar lead by evaluating ECGI measures of ventricular 
activation and dispersion in CRT patients using body surface mapping. 
METHODS 
The study conformed to the principles of the Declaration of Helsinki on research in 
human subjects and all subjects gave written informed consent (approved by the 
Research Ethics Committee, ClinicalTrials.gov Identifier: NCT01831518.) Patients 
on optimal medical therapy (OMT) meeting European Society of Cardiology (ESC)9 
and/or Heart Rhythm Society (HRS)10 criteria for CRT were enrolled in the study. 
The underlying aetiology of heart failure was determined using angiography, clinical 
history, or cardiac MRI (CMR) 
Pacemaker implant 
CRT implantation was performed with the RV lead positioned at the RV apex or high 
RV septum. The right atrial lead was placed in the right atrial appendage. All LV 
pacing leads were Abbott Quartet leadsTM positioned in the lateral or postero-lateral 
vein of the coronary sinus, aiming for all four poles of the quadripolar lead to be 
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within the vein to allow for stimulation from all the poles. If this was not possible, an 
alternative location was chosen in the anterolateral, posterior, or anterior locations.  
CRT Configuration Optimization 
Twenty-four hours post CRT implant, patients underwent a temporary biventricular 
endocardial pacing study accompanied by body surface mapping (BSM). Iterative 
echo guided optimization of atrioventricular delay (AVD) and LV and RV (VV) delay 
was first performed to establish the optimal AVD and VV delay for each patient, as 
previously described 11,12. Subsequently, all the available  BP and EBP pacing vectors 
were programmed and tested.  
ECGI was performed using a CardioInsight ecSYNC system (CardioInsight 
Technologies Inc., Cleveland, OH). Non-invasive biventricular epicardial electrograms 
were analyzed to construct 3D isochrone and isopotential activation maps, as 
previously described 13. Ventricular activation times were calculated from the onset 
of the QRS to the maximal negative slope of each electrogram and combined to 
construct 3D epicardial isochrone maps. After the acquisition of vest electrograms, 
subjects underwent a thoracic computed tomographic (CT) scan with the vest still in 
position, to determine the precise anatomic relation between the cardiac geometry 
and the torso electrodes. This process allows the reconstruction 1500 unipolar 
electrograms on the epicardial surface of the heart. ECGI maps were created on a 
beat-by-beat basis for all available quadripolar LV lead configurations in a DDD 
pacing mode. The use of ECGI mapping meant it was possible to confirm the 
presence of true biventricular electrical capture and exclude anodal capture during 
each programmed pacing configuration.  
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Multiple electrocardiographic measurements were recorded including total 
ventricular total activation (VVtat), the difference between LV and RV activation 
(VVsync), left ventricular total activation time (LVtat) & dispersion of left ventricular 
activation times (LVdisp). These measures have previously been validated in the 
assessment of patients undergoing ECGI during CRT 14–18. 
Statistical analyses  
Statistical analyses were performed using PASW Statistics 21 (SPSS Inc., Chicago, IL). 
Data was tested for normality with the Shapiro-Wilk test. Significance testing on 
normally distributed paired data was performed using two tailed paired t tests. 
Significance testing on non-normally distributed paired data was performed using 
the Wilcoxon Signed Rank test. Significance testing on non-normally distributed un-
paired data was performed using the Mann-Whitney U test. Results were considered 
significant at p < 0.05. 
RESULTS 
A total of 18 patients were recruited and underwent a temporary pacing and 
electroanatomical mapping study. Mean patient demographics for our cohort are 
shown in Table 1, while individual patient data is shown in Table 2.  Patients were 
predominantly male (78%) with a mean age of 68.6 ± 12.8 years, the mean LVEF was 
25.6% ± 7.4%. The mean baseline QRS duration was 164.4 ± 19.3ms. There was a 
near equal distribution between ischemic (n=10) and non-ischemic (n=8) etiology. 
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Bipolar CRT vs Extended Bipolar CRT 
Each patient underwent temporary programming in order to analyze EBP with BP 
CRT. Analysis of the body surface maps excluded anodal capture and confirmed true 
biventricular capture  with EBP in all patients. A total of 97 different pacing 
configurations were assessed in our cohort (57 BP and 40 EBP, mean 5.3 
configurations per patient). On average, each patient received CRT pacing with a 
combination of three BP configurations and two EBP configurations. ECGI mapping 
appeared to show a significant difference in the degree of electrical 
resynchronization when alternating between BP and EBP pacing, Figure 2; however, 
no statistically significant differences in activation were observed between BP and 
EBP vectors for the whole group. There was also no statistically significant difference 
between activation metrics between EBP and BP CRT, Figure 3. 
Etiology vs Electrical Activation 
The presence of ischemic heart failure etiology is known to adversely impact 
outcome 19. 
Intuitively among patients with ischemic scar, bipolar LV pacing should be capable of 
achieving a superior degree of electrical resynchronization than extended bipolar 
pacing by allowing the bypassing of scarred areas of myocardial tissue. Both 
modelling 20 and hemodynamic  data 21 support the hypothesis that the multiple 
wave fronts arising from areas of simultaneous bipolar stimulation improve response 
among patients with ischemic scar. Our cohort was dichotomized on the basis of 
ischemic and non-ischemic etiology, in order to ascertain whether the hemodynamic 
benefits associated with BP pacing were a result of more rapid electrical activation. 
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Again, no significant difference in any ECGI measure was observed during BP and 
EBP pacing, Figure 4. 
DISCUSSION 
We assessed the effect of utilizing BP and EBP vectors on non-invasive 
electrocardiographic markers of ventricular activation in patients receiving CRT with 
a quadripolar lead. The demonstration of true biventricular capture with body 
surface mapping excluded the possibility that anodal stimulation had a significant 
effect on the measured activation parameters. 
The main findings of the current study were that: 
1) There were no differences in the total electrical activation times or dispersion 
of electrical activation between biventricular pacing with bipolar or 
corresponding EBP LV vector configurations.  
2) When dichotomized according to etiology, no difference was observed in the 
activation time with either BP or EBP pacing.  
Comparison with previous studies 
Prior studies have shown that alterations in LV electrical activation between BP and 
EBP are associated with different mechanical activation patterns. Yang et al  studied 
the relationship between polarity of left ventricular (LV) pacing and the resultant 
regional, global, and transmural mechanical sequence of contraction in 20 patients 
with preexisting biventricular devices 5. Regional and global LV longitudinal and 
radial mechanics were assessed with 2D speckle-tracking echocardiography.  The 
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authors found that unipolar pacing resulted in increased dispersion of LV regional 
endocardial strain with a difference in the mechanical activation sequence of the LV 
between unipolar vs. bipolar pacing stimulation.  
Furthermore, Jame et al retrospectively analyzed 969 patients with CRT-D implants 
from the MADIT CRT study and demonstrated that in patients with LBBB undergoing 
CRT, true bipolar LV lead pacing had a significantly lower risk of all-cause mortality 
and heart failure death compared with extended unipolar/extended Bipolar LV 
pacing 6. These findings were consistent in patients across both ischemic and non-
ischemic etiologies and independent of LV lead location.  The authors suggested that 
in the absence of other contraindications, true bipolar LV pacing may be preferable 
to unipolar or extended bipolar vectors. Although there were significant reductions 
in mortality (54% lower risk) and heart failure/death, true bipolar pacing did not 
increase LV remodelling or improve LV dyssynchrony one year after CRT. Despite 
this, the authors postulated that the improved outcome conferred by true bipolar 
pacing may be the result of differences in electromechanical activation of the left 
ventricle. Our findings would refute this and instead would suggest that true bipolar 
pacing does not necessarily result in more favorable activation of the LV or improved  
resynchronization . Instead, individual patients may experience benefit from a 
particular pacing strategy and individual customization of the pacing vector may be 
required to achieve optimal resynchronization. 
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Clinical importance 
Quadripolar LV leads represent the standard of care for the delivery of CRT. The presence of 
additional poles means it is possible to program stimulation around areas of scar and avoid PNS. 
Optimizing pacing vector configuration has been shown to be associated with improvements in 
outcome. Our findings suggest that extended bipolar vectors are not inferior to true bipolar vectors in 
terms of ventricular activation indices assessed with ECGI. Although optimization may need to be 
tailored to the individual patient, our results would suggest that while extended bipolar vectors are 
associated with higher battery usage  they appear to represent a viable alternative to true bipolar vectors 
in terms of electrical resynchronization. 
Limitations 
The main limitation of the current study is the lack of correlation between body 
surface mapping and the surface ECG. Although surface ECG’s were analyzed at 
baseline during the temporary acute pacing study, it was not possible to 
undertake simultaneous standard 12- lead ECG analysis, due to the presence of the 
CARDIOINSIGHT mapping vests composed of over 250 electrodes, which covered 
both the front and back of the thorax. We agree that it would be important to 
investigate how the 12-lead surface ECG changes during EBP vs BP pacing, but this is 
not performed as this study was specifically designed to investigate the hypothesis 
that EBP would be associated with inferior electrical resynchronization than BP, and 
as such the use of the ECGI vests was essential to the testing of our hypothesis. 
This is a small study and the results are hypothesis generating rather than 
conclusive. The non-invasive electrical measurements were performed acutely and it 
is unclear whether these results can be extrapolated to the chronic delivery of CRT. 
Some of the vectors tested resulted in PNS, which would limit their use to deliver 
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CRT effectively. We did not specifically assess the presence of myocardial scar 
and/or lead position in relation to electrical activation. Improvements in electrical 
resynchronization were not validated against hemodynamic change in this study, 
although a dependant relationship between these two indices has previously been 
described 22. 
CONCLUSION 
No significant difference was observed in any metric of electrical activation during 
biventricular pacing with bipolar or corresponding EBP LV vector configurations. 
These results suggest that the reported outcome benefits associated with bipolar LV 
pacing are not the result of improved activation. More work is needed to understand 
why true bipolar pacing may be beneficial in left bundle branch block patients. 
REFERENCES 
1.  Sperzel J, Dänschel W, Gutleben KJ, Kranig W, Mortensen P, Connelly D, et al. 
First prospective, multi-centre clinical experience with a novel left ventricular 
quadripolar lead. Europace 2012;14:365–72.  
2.  Behar JM, Bostock J, Zhu Li AP, Chin HMS, Jubb S, Lent E, et al. Cardiac 
resynchronization therapy delivered via a multipolar left ventricular lead is 
associated with reduced mortality and elimination of phrenic nerve 
stimulation: Long-term follow-up from a multicenter registry. J Cardiovasc 
Electrophysiol 2015;26:540–6.  
3.  Leyva F, Zegard A, Qiu T, Acquaye E, Ferrante G, Walton J, et al. Cardiac 
 This article is protected by copyright. All rights reserved. 
A
cc
ep
te
d 
A
rt
ic
le
 
resynchronization therapy using quadripolar versus non-quadripolar left 
ventricular leads programmed to biventricular pacing with single-site left 
ventricular pacing: Impact on survival and heart failure hospitalization. J Am 
Heart Assoc 2017;6:e007026.  
4.  Behar JM, Chin HMS, Fearn S, Ormerod JOM, Gamble JHP, Foley P, et al. Cost-
Effectiveness Analysis of Quadripolar Versus Bipolar Left Ventricular Leads for 
Cardiac Resynchronization Defibrillator Therapy in a Large, Multicenter UK 
Registry. JACC Clin Electrophysiol Elsevier; 2017;3:107–16.  
5.  Yang HS, Caracciolo G, Sengupta PP, Goel R, Chandrasekaran K, Srivathsan K. 
Pacing polarity and left ventricular mechanical activation sequence in cardiac 
resynchronization therapy. J Interv Card Electrophysiol 2012;35:101–7.  
6.  Jamé S, Kutyifa V, Aktas MK, McNitt S, Polonsky B, Al-Ahmad A, et al. Bipolar 
left ventricular pacing is associated with significant reduction in heart failure 
or death in CRT-D patients with LBBB. Hear Rhythm Elsevier; 2016;13:1468–
74.  
7.  Ramanathan C, Jia P, Ghanem R, Ryu K, Rudy Y. Activation and repolarization 
of the normal human heart under complete physiological conditions. Proc Natl 
Acad Sci 2006;103:6309–14.  
8.  Lumens J, Ploux S, Strik M, Gorcsan J, Cochet H, Derval N, et al. Comparative 
electromechanical and hemodynamic effects of left ventricular and 
biventricular pacing in dyssynchronous heart failure: Electrical 
resynchronization versus left-right ventricular interaction. J Am Coll Cardiol 
 This article is protected by copyright. All rights reserved. 
A
cc
ep
te
d 
A
rt
ic
le
 
NIH Public Access; 2013;62:2395–403.  
9.  European Society of Cardiology (ESC), European Heart Rhythm Association 
(EHRA), Brignole M, Auricchio A, Baron-Esquivias G, Bordachar P, et al. 2013 
ESC Guidelines on cardiac pacing and cardiac resynchronization therapy: The 
Task Force on cardiac pacing and resynchronization therapy of the European 
Society of Cardiology (ESC). Developed in collaboration with the European 
Heart Rhythm Association . Europace 2013;15:1070–118.  
10.  Russo AM, Stainback RF, Bailey SR, Epstein AE, Heidenreich P a, Kremers MS, 
et al. APPROPRIATE USE CRITERIA ACCF / HRS / AHA / ASE / HFSA / SCAI / SCCT 
/ SCMR 2013 Appropriate Use Criteria for Implantable Cardioverter- 
Defibrillators and Cardiac Resynchronization Therapy. Jac 2013;61:1318–68.  
11.  Brabham WW, Gold MR. The role of AV and VV optimization for CRT. J 
Arrhythmia Elsevier; 2013;29:153–61.  
12.  Gorcsan J, Abraham T, Agler DA, Bax JJ, Derumeaux G, Grimm RA, et al. 
Echocardiography for Cardiac Resynchronization Therapy: Recommendations 
for Performance and Reporting-A Report from the American Society of 
Echocardiography Dyssynchrony Writing Group Endorsed by the Heart 
Rhythm Society. J Am Soc Echocardiogr 2008;21:191–213.  
13.  Cakulev I, Sahadevan J, Arruda M, Goldstein RN, Hong M, Intini A, et al. 
Confirmation of novel noninvasive high-density electrocardiographic mapping 
with electrophysiology study: Implications for therapy. Circ Arrhythmia 
Electrophysiol 2013;6:68–75.  
 This article is protected by copyright. All rights reserved. 
A
cc
ep
te
d 
A
rt
ic
le
 
14.  Ploux S, Lumens J, Whinnett Z, Montaudon M, Strom M, Ramanathan C, et al. 
Noninvasive electrocardiographic mapping to improve patient selection for 
cardiac resynchronization therapy: Beyond QRS duration and left bundle 
branch block morphology. J Am Coll Cardiol Elsevier; 2013;61:2435–43.  
15.  Jia P, Ramanathan C, Ghanem RN, Ryu K, Varma N, Rudy Y. 
Electrocardiographic imaging of cardiac resynchronization therapy in heart 
failure: Observation of variable electrophysiologic responses. Hear Rhythm 
NIH Public Access; 2006;3:296–310.  
16.  Rudy Y. Noninvasive electrocardiographic imaging of cardiac 
resynchronization therapy in patients with heart failure. J Electrocardiol 
Churchill Livingstone; 2006;39:S28–30.  
17.  Ghosh S, Silva JNAA, Canham RM, Bowman TM, Zhang J, Rhee EK, et al. 
Electrophysiologic substrate and intraventricular left ventricular dyssynchrony 
in nonischemic heart failure patients undergoing cardiac resynchronization 
therapy. Hear Rhythm Elsevier Inc.; 2011;8:692–9.  
18.  Silva JNAA, Ghosh S, Bowman TM, Rhee EK, Woodard PK, Rudy Y. Cardiac 
resynchronization therapy in pediatric congenital heart disease: insights from 
noninvasive electrocardiographic imaging. Heart Rhythm NIH Public Access; 
2009;6:1178–85.  
19.  Gasparini M, Mantica M, Galimberti P, Genovese L, Pini D, Faletra F, et al. Is 
the outcome of cardiac resynchronization therapy related to the underlying 
etiology? Pacing Clin Electrophysiol 2003;26:175–80.  
 This article is protected by copyright. All rights reserved. 
A
cc
ep
te
d 
A
rt
ic
le
 
20.  Umar F, Taylor RJ, Stegemann B, Marshall H, Flannigan S, Lencioni M, et al. 
Haemodynamic effects of cardiac resynchronization therapy using single-vein, 
three-pole, multipoint left ventricular pacing in patients with ischaemic 
cardiomyopathy and a left ventricular free wall scar: the MAESTRO study. 
Europace 2016;18:1227–34.  
21.  Niederer SA, Shetty AK, Plank G, Bostock J, Razavi R, Smith NP, et al. 
Biophysical modeling to simulate the response to multisite left ventricular 
stimulation using a quadripolar pacing lead. PACE - Pacing Clin Electrophysiol 
2012;35:204–14.  
22.  Ploux S, Eschalier R, Whinnett ZI, Lumens J, Derval N, Sacher F, et al. Electrical 
dyssynchrony induced by biventricular pacing: Implications for patient 
selection and therapy improvement. Hear Rhythm Elsevier; 2015;12:782–91.  
  
 This article is protected by copyright. All rights reserved. 
A
cc
ep
te
d 
A
rt
ic
le
 
FIGURES 
Figure 1. Schematic representation of Quadripolar vectors tested. True bipolar vectors 
between the poles of the Quartet TM LV lead  are demonstrated on the right of the 
image. Extended bipolar (EBP) vectors incorporate the RV pacing lead. 
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Figure 2.  Variance in the degree of electrical resynchronization achieved during 
different EBP and BP pacing configurations. Left lateral views of body surface 
directional activation maps of biventricular pacing through 4 quadripolar extended 
bipolar vectors (on the left) and 4 bipolar pacing vectors (on the right). Red areas 
represent early activation, while blue represent late activation. The dotted yellow line 
represents course of left anterior descending artery. Grey dots outside cardiac 
silhouette represent the location of quadripolar pacing cathodes. 
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Figure 3. Box and whisker plots of total ventricular total activation (VVtat), the 
difference between LV and RV activation (VVsync), left ventricular total activation time 
(LVtat) & dispersion of left ventricular activation times (LVdisp) for true bipolar and 
extended bipolar biventricular pacing. 
 
Figure 4. Bar graphs displaying the impact of aetiology in BP vs EBP electrical 
activation. 
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TABLES 
TABLE 1. Patient Demographics 
 
Mean ±SD or Numbers (%)  
Patients 18 
Age (years) 68.6± 12.8 
Male (%) 14 (77.8%) 
LVEF (%) 25.6% ± 7.4 
NYHA  2.9 ± 0.4 
QRS duration (ms) 164.4 ± 19.3 
QRS Morpholgy   
LBBB 12 (66.7%) 
RV Paced 5 (27.8%) 
RBBB 1 (5.6%) 
Etiology   
ICM (%) 10 (55.6%) 
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TABLE 2: Individual patient demographic data 
Age Gender Aetiology NYHA Pre Rhythm 
Baseline QRS 
Morph 
QRS 
duration LVEF% 
67 M ICM 3 NSR LBBB 184 29 
72 M DCM 3 NSR RV paced 182 9 
82 M DCM 2 NSR LBBB 158 33 
49 F DCM 3 NSR LBBB 200 31 
87 M DCM 3 AF RV paced 180 25 
62 M ICM 3 NSR LBBB 134 20 
87 M ICM 3 NSR LBBB 168 30 
77 M ICM 3 NSR LBBB 162 22.5 
69 F DCM 2 NSR RV paced 166 22 
49 M DCM 3 AF LBBB 130 25 
62 F DCM 3 NSR LBBB 144 29 
59 M ICM 3 NSR LBBB 160 30 
82 F DCM 3 AF RV paced 174 34 
76 M ICM 3 NSR RBBB 174 17 
55 M ICM 3 AF LBBB 174 12.5 
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49 M DCM 4 NSR LBBB 177 32.5 
78 M ICM 3 AF RV paced 160 35 
73 M ICM 3 NSR LBBB 132 25 
 
